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A method and apparatus for image compression using tem 
poral and resolution layering of compressed image frames, 
and Which provides encryption and Watermarking capabili 
ties. In particular, layered compression alloWs a form of 
modulariZed decomposition of an image that supports ?eX 
ible encryption and Watermarking techniques. Using layered 
compression, the base layer and various internal components 
of the base layer can be used to encrypt a compressed 
layered movie data stream. By using such a layered subset 
of the bits, the entire picture stream can be made unrecog 
niZable by encrypting only a small fraction of the bits of the 
entire stream. A variety of encryption algorithms and 
strengths can be applied to various portions of the layered 
stream, including enhancement layers. Encryption algo 
rithms or keys can be changed at each slice boundary as 
Well, to provide greater intertwining of the encryption and 
the picture stream. Watermarking tracks lost or stolen copies 
back to the source, so that the nature of the method of theft 
can be determined and so that those involved in a theft can 
be identi?ed. Watermarking preferably uses loW order bits in 
certain coef?cients in certain frames of a layered compres 
sion movie stream to provide reliable identi?cation While 
being invisible or nearly invisible to the eye. An enhance 
ment layer can also have its oWn unique identifying Water 
mark structure. 
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ENCRYPTED AND WATERMARKED TEMPORAL 
AND RESOLUTION LAYERING IN ADVANCED 

TELEVISION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. patent 
application Ser. No. 09/541,701, ?led Apr. 3, 2000, Which is 
a continuation-in-part application of and claims priority to 
US. application Ser. No. 09/442,595 ?led on Nov. 17, 1999, 
Which Was a continuation of US. application Ser. No. 
09/217,151 ?led on Dec. 21, 1998 (now US. Pat. No. 
5,988,863, issued Nov. 23, 1999), Which Was a continuation 
of US. application Ser. No. 08/594,815 ?led Jan. 30, 1996 
(now US. Pat. No. 5,852,565, issued Dec. 22, 1998). 

TECHNICAL FIELD 

[0002] This invention relates to electronic communication 
systems, and more particularly to an advanced electronic 
television system having temporal and resolution layering of 
compressed image frames, and Which provides encryption 
and Watermarking capabilities. 

BACKGROUND 

[0003] The United States presently uses the NTSC stan 
dard for television transmissions. HoWever, proposals have 
been made to replace the NTSC standard With an Advanced 
Television standard. For eXample, it has been proposed that 
the US. adopt digital standard-de?nition and advanced 
television formats at rates of 24 HZ, 30 HZ, 60 HZ, and 60 
HZ interlaced. It is apparent that these rates are intended to 
continue (and thus be compatible With) the eXisting NTSC 
television display rate of 60 HZ (or 59.94 HZ). It is also 
apparent that “3-2 pulldoWn” is intended for display on 60 
HZ displays When presenting movies, Which have a temporal 
rate of 24 frames per second (fps). HoWever, While the above 
proposal provides a menu of possible formats from Which to 
select, each format only encodes and decodes a single 
resolution and frame rate. Because the display or motion 
rates of these formats are not integrally related to each other, 
conversion from one to another is dif?cult. 

[0004] Further, this proposal does not provide a crucial 
capability of compatibility With computer displays. These 
proposed image motion rates are based upon historical rates 
Which date back to the early part of this century. If a 
“clean-slate” Were to be made, it is unlikely that these rates 
Would be chosen. In the computer industry, Where displays 
could utiliZe any rate over the last decade, rates in the 70 to 
80 HZ range have proven optimal, With 72 and 75 HZ being 
the most common rates. Unfortunately, the proposed rates of 
30 and 60 HZ lack useful interoperability With 72 or 75 HZ, 
resulting in degraded temporal performance. 

[0005] In addition, it is being suggested by some in the 
?eld that frame interlace is required, due to a claimed need 
to have about 1000 lines of resolution at high frame rates, 
but based upon the notion that such images cannot be 
compressed Within the available 18-19 mbits/second of a 
conventional 6 MHZ broadcast television channel. 

[0006] It Would be much more desirable if a single signal 
format Were to be adopted, containing Within it all of the 
desired standard and high de?nition resolutions. HoWever, 
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to do so Within the bandWidth constraints of a conventional 
6 MHZ broadcast television channel requires compression 
(or “scalability”) of both frame rate (temporal) and resolu 
tion (spatial). One method speci?cally intended to provide 
for such scalability is the MPEG-2 standard. Unfortunately, 
the temporal and spatial scalability features speci?ed Within 
the MPEG-2 standard are not sufficiently ef?cient to accom 
modate the needs of advanced television for the US. Thus, 
the proposal for advanced television for the US. is based 
upon the premise that temporal (frame rate) and spatial 
(resolution) layering are inefficient, and therefore discrete 
formats are necessary. 

[0007] In addition to the above issues, the inventor has 
identi?ed a need to protect and manage the use of valuable 
copyrighted audio and video media such as digital movies. 
The viability of entire technologies for movie data delivery 
can hinge on the ability to protect and manage usage. As the 
quality of digital compressed movie masters approaches that 
of the original Work, the need for protection and manage 
ment methodologies becomes a crucial requirement. 

[0008] In approaching a system architecture for digital 
content protection and management, it Would be very ben 
e?cial to have a variety of tools and techniques Which can be 
applied in a modular and ?exible Way. Most commercial 
encryption systems have been eventually compromised. It is 
therefore necessary to architect any protection system to be 
suf?ciently ?exible as to adapt and strengthen itself if and 
When it is compromised. It is also valuable to place infor 
mational clues into each copy via Watermarking of symbols 
and/or serial number information in order to pinpoint the 
source and method by Which the security has been compro 
mised. 

[0009] Movie distribution digitally to movie theaters is 
becoming feasible. The high value copies of neW movies 
have long been a target for theft or copying of today’s ?lm 
prints. Digital media such as DVD have attempted crude 
encryption and authoriZation schemes (such as DIVX). 
Analog cable scramblers have been in use from the begin 
ning to enable charging for premium cable channels and 
pay-per-vieW events and movies. HoWever these crude 
scramblers have been broadly compromised. 

[0010] One reason that digital and analog video systems 
have tolerated such poor security systems is that the value of 
the secondary video release and the loss due to pirating is a 
relatively small proportion of the market. HoWever, for 
digital ?rst-run movies, for valuable live events, and for high 
resolution images to the home and business (via forms of 
HDTV), robust security systems become a requirement. 

[0011] The present invention overcomes these and other 
problems of current digital content protection systems. 

SUMMARY 

[0012] The present invention provides a method and appa 
ratus for image compression Which demonstrably achieves 
better than 1000-line resolution image compression at high 
frame rates With high quality. It also achieves both temporal 
and resolution scalability at this resolution at high frame 
rates Within the available bandWidth of a conventional 
television broadcast channel. The inventive technique ef? 
ciently achieves over tWice the compression ratio being 
proposed for advanced television While providing for ?eX 
ible encryption and Watermarking techniques. 
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[0013] Image material is preferably captured at an initial 
or primary framing rate of 72 fps. An MPEG-2 data stream 
is then generated, comprising: 

[0014] (1) a base layer, preferably encoded using only 
MPEG-2 P frames, comprising a loW resolution (e.g., 
1024x512 pixels), loW frame rate (24 or 36 HZ) bit 
stream; 

[0015] (2) an optional base resolution temporal 
enhancement layer, encoded using only MPEG-2 B 
frames, comprising a loW resolution (e.g., 1024x512 
pixels), high frame rate (72 HZ) bitstream; 

[0016] (3) an optional base temporal high resolution 
enhancement layer, preferably encoded using only 
MPEG-2 P frames, comprising a high resolution (e.g., 
2 k><1 k pixels), loW frame rate (24 or 36 HZ) bitstream; 

[0017] (4) an optional high resolution temporal 
enhancement layer, encoded using only MPEG-2 B 
frames, comprising a high resolution (e.g., 2 k><1 k 
pixels), high frame rate (72 HZ) bitstream. 

[0018] The invention provides a number of key technical 
attributes, alloWing substantial improvement over current 
proposals, and including: replacement of numerous resolu 
tions and frame rates With a single layered resolution and 
frame rate; no need for interlace in order to achieve better 
than 1000-lines of resolution for 2 megapixel images at high 
frame rates (72 HZ) Within a 6 MHZ television channel; 
compatibility With computer displays through use of a 
primary framing rate of 72 fps; and greater robustness than 
the current unlayered format proposal for advanced televi 
sion, since all available bits may be allocated to a loWer 
resolution base layer When “stressful” image material is 
encountered. 

[0019] The disclosed layered compression technology 
alloWs a form of modulariZed decomposition of an image. 
This modularity has additional bene?ts beyond alloWing 
scalable decoding and better stress resilience. The modular 
ity can be further tapped as a structure Which supports 
?exible encryption and Watermarking techniques. The func 
tion of encryption is to restrict vieWing, performance, copy 
ing, or other use of audio/video shoWs unless one or more 
proper keys are applied to an authoriZed decryption system. 
The function of Watermarking is to track lost or stolen copies 
back to a source, so that the nature of the method of theft can 
be determined to improve the security of the system, and so 
that those involved in the theft can be identi?ed. 

[0020] Using layered compression, the base layer, and 
various internal components of the base layer (such as I 
frames and their DC coef?cients, or motion vectors for P 
frames) can be used to encrypt a compressed layered movie 
stream. By using such a layered subset of the bits, the entire 
picture stream can be made unrecogniZable (unless 
decrypted) by encrypting only a small fraction of the bits of 
the entire picture stream. Further, a variety of encryption 
algorithms and strengths can be applied to various portions 
of the layered stream, including the enhancement layers 
(Which can be seen as a premium quality service, and 
encrypted specially). Encryption algorithms or keys can be 
changed at each slice boundary as Well, to provide greater 
intertWining of the encryption and the image stream. 

[0021] The inventive layered compression structure can 
also be used for Watermarking. The goal of Watermarking is 
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to be reliably identi?able to detection, yet be essentially 
invisible to the eye. For example, loW order bits in DC 
coef?cients in I frames Would be invisible to the eye, but yet 
could be used to uniquely identify a particular picture stream 
With a Watermark. Enhancement layers can also have their 
oWn unique identifying Watermark structure. 

[0022] The details of one or more embodiments of the 
invention are set forth in the accompanying draWings and 
the description beloW. Other features, objects, and advan 
tages of the invention Will be apparent from the description 
and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0023] FIG. 1 is a timing diagram shoWing the pulldoWn 
rates for 24 fps and 36 fps material to be displayed at 60 HZ. 

[0024] 

[0025] FIG. 3 is a second preferred MPEG-2 coding 
pattern. 

[0026] FIG. 4 is a block diagram shoWing temporal layer 
decoding in accordance With the preferred embodiment of 
the present invention. 

FIG. 2 is a ?rst preferred MPEG-2 coding pattern. 

[0027] FIG. 5 is a block diagram shoWing 60 HZ inter 
laced input to a converter that can output both 36 HZ and 72 
HZ frames. 

[0028] FIG. 6 is a diagram shoWing a “master template” 
for a base MPEG-2 layer at 24 or 36 HZ. 

[0029] FIG. 7 is a diagram shoWing enhancement of a 
base resolution template using hierarchical resolution scal 
ability utiliZing MPEG-2. 

[0030] FIG. 8 is a diagram shoWing the preferred layered 
resolution encoding process. 

[0031] FIG. 9 is a diagram shoWing the preferred layered 
resolution decoding process. 

[0032] FIG. 10 is a block diagram shoWing a combination 
of resolution and temporal scalable options for a decoder in 
accordance With the present invention. 

[0033] FIG. 11 is a diagram shoWing the scope of encryp 
tion and Watermarking as a function of unit dependency. 

[0034] FIGS. 12A and 12B shoW diagrams of image 
frames With different types of Watermarks. 

[0035] FIG. 13 is a ?oWchart shoWing one method of 
applying the encryption techniques of the invention. 

[0036] FIG. 14 is a ?oWchart shoWing one method of 
applying the Watermarking techniques of the invention. 

[0037] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION 

[0038] Throughout this description, the preferred embodi 
ment and examples shoWn should be considered as exem 
plars, rather than as limitations on the present invention. 
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Temporal and Resolution Layering 

[0039] Goals of a Temporal Rate Family 

[0040] After considering the problems of the prior art, and 
in pursuing the present invention, the following goals Were 
de?ned for specifying the temporal characteristics of a 
future digital television system: 

[0041] Optimal presentation of the high resolution 
legacy of 24 frame-per-second ?lms. 

[0042] Smooth motion capture for rapidly moving 
image types, such as sports. 

[0043] Smooth motion presentation of sports and 
similar images on eXisting analog NTSC displays, as 
Well as computer-compatible displays operating at 
72 or 75 HZ. 

[0044] Reasonable but more ef?cient motion capture 
of less-rapidly-moving images, such as neWs and 
live drama. 

[0045] Reasonable presentation of all neW digital 
types of images through a converter boX onto eXist 
ing NTSC displays. 

[0046] High quality presentation of all neW digital 
types of images on computer-compatible displays. 

[0047] If 60 HZ digital standard or high resolution 
displays come into the market, reasonable or high 
quality presentation on these displays as Well. 

[0048] Since 60 HZ and 72/75 HZ displays are fundamen 
tally incompatible at any rate other than the movie rate of 24 
HZ, the best situation Would be if either 72/75 or 60 Were 
eliminated as a display rate. Since 72 or 75 HZ is a required 
rate for NH. (National Information Infrastructure) and 
computer applications, elimination of the 60 HZ rate as being 
fundamentally obsolete Would be the most future-looking. 
HoWever, there are many competing interests Within the 
broadcasting and television equipment industries, and there 
is a strong demand that any neW digital television infra 
structure be based on 60 HZ (and 30 HZ). This has lead to 
much heated debate betWeen the television, broadcast, and 
computer industries. 

[0049] Further, the insistence by some interests in the 
broadcast and television industries on interlaced 60 HZ 
formats further Widens the gap With computer display 
requirements. Since non-interlaced display is required for 
computer-like applications of digital television systems, a 
de-interlacer is required When interlaced signals are dis 
played. There is substantial debate about the cost and quality 
of de-interlacers, since they Would be needed in every such 
receiving device. Frame rate conversion, in addition to 
de-interlacing, further impacts cost and quality. For 
eXample, that NTSC to-from PAL converters continue to be 
very costly and yet conversion performance is not depend 
able for many common types of scenes. Since the issue of 
interlace is a complex and problematic subject, and in order 
to attempt to address the problems and issue of temporal 
rate, the invention is described in the conteXt of a digital 
television standard Without interlace. 

[0050] Selecting Optimal Temporal Rates 

[0051] Beat Problems. Optimal presentation on a 72 or 75 
HZ display Will occur if a camera or simulated image is 
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created having a motion rate equal to the display rate (72 or 
75 HZ, respectively), and vice versa. Similarly, optimal 
motion ?delity on a 60 HZ display Will result from a 60 HZ 
camera or simulated image. Use of 72 HZ or 75 HZ genera 
tion rates With 60 HZ displays results in a 12 HZ or 15 HZ 
beat frequency, respectively. This beat can be removed 
through motion analysis, but motion analysis is expensive 
and ineXact, often leading to visible artifacts and temporal 
aliasing. In the absence of motion analysis, the beat fre 
quency dominates the perceived display rate, making the 12 
or 15 HZ beat appear to provide less accurate motion than 
even 24 HZ. Thus, 24 HZ forms a natural temporal common 
denominator betWeen 60 and 72 HZ. Although 75 HZ has a 
slightly higher 15 HZ beat With 60 HZ, its motion is still not 
as smooth as 24 HZ, and there is no integral relationship 
betWeen 75 HZ and 24 HZ unless the 24 HZ rate is increased 
to 25 HZ. (In European 50 HZ countries, movies are often 
played 4% fast at 25 HZ; this can be done to make ?lm 
presentable on 75 HZ displays.) 

[0052] In the absence of motion analysis at each receiving 
device, 60 HZ motion on 72 or 75 HZ displays, and 75 or 72 
HZ motion on 60 HZ displays, Will be less smooth than 24 
HZ images. Thus, neither 72/75 HZ nor 60 HZ motion is 
suitable for reaching a heterogeneous display population 
containing both 72 or 75 HZ and 60 HZ displays. 

[0053] 3-2 PulldoWn. A further complication in selecting 
an optimal frame rate occurs due to the use of “3-2 pull 
doWn” combined With video effects during the telecine 
(?lm-to-video) conversion process. During such conver 
sions, the 3-2 pulldoWn pattern repeats a ?rst frame (or ?eld) 
3 times, then the neXt frame 2 times, then the neXt frame 3 
times, then the neXt frame 2 times, etc. This is hoW 24 fps 
?lm is presented on television at 60 HZ (actually, 59.94 HZ 
for NTSC color). That is, each of 12 pairs of 2 frames in one 
second of ?lm is displayed 5 times, giving 60 images per 
second. The 3-2 pulldoWn pattern is shoWn in FIG. 1. 

[0054] By some estimates, more than half of all ?lm on 
video has substantial portions Where adjustments have been 
made at the 59.94 HZ video ?eld rate to the 24 fps ?lm. Such 
adjustments include “pan-and-scan”, color correction, and 
title scrolling. Further, many ?lms are time-adjusted by 
dropping frames or clipping the starts and ends of scenes to 
?t Within a given broadcast scheduled. These operations can 
make the 3-2 pulldoWn process impossible to reverse, since 
there is both 59.94 HZ and 24 HZ motion. This can make the 
?lm very dif?cult to compress using the MPEG-2 standard. 
Fortunately, this problem is limited to eXisting NTSC 
resolution material, since there is no signi?cant library of 
higher resolution digital ?lm using 3-2 pulldoWn. 

[0055] Motion Blur. In order to further eXplore the issue of 
?nding a common temporal rate higher than 24 HZ, it is 
useful to mention motion blur in the capture of moving 
images. Camera sensors and motion picture ?lm are open to 
sensing a moving image for a portion of the duration of each 
frame. On motion picture cameras and many video cameras, 
the duration of this eXposure is adjustable. Film cameras 
require a period of time to advance the ?lm, and are usually 
limited to being open only about 210 out of 360 degrees, or 
a 58% duty cycle. On video cameras having CCD sensors, 
some portion of the frame time is often required to “read” 
the image from the sensor. This can vary from 10% to 50% 
of the frame time. In some sensors, an electronic shutter 
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must be used to blank the light during this readout time. 
Thus, the “duty cycle” of CCD sensors usually varies from 
50 to 90%, and is adjustable in some cameras. The light 
shutter can sometimes be adjusted to further reduce the duty 
cycle, if desired. However, for both ?lm and video, the most 
common sensor duty cycle duration is 50%. 

[0056] Preferred Rate. With this issue in mind, one can 
consider the use of only some of the frames from an image 

sequence captured at 60, 72, or 75 HZ. UtiliZing one frame 
in tWo, three, four, etc., the subrates shoWn in TABLE 1 can 
be derived. 

TABLE 1 

Rate 1/2 Rate 1/3 Rate 1/4 Rate 1/5 Rate 1/6 Rate 

75 Hz 37.5 25 18.25 15 12.5 
72 Hz 36 24 18 14.4 12 
60 Hz 30 20 15 12 10 

[0057] The rate of 15 HZ is a unifying rate betWeen 60 and 
75 HZ. The rate of 12 HZ is a unifying rate betWeen 60 and 
72 HZ. HoWever, the desire for a rate above 24 HZ eliminates 
these rates. 24 HZ is not common, but the use of 3-2 
pulldoWn has come to be accepted by the industry for 
presentation on 60 HZ displays. The only candidate rates are 
therefore 30, 36, and 37.5 HZ. Since 30 HZ has a 7.5 HZ beat 
With 75 HZ, and a 6 HZ beat With 72 HZ, it is not useful as 
a candidate. 

[0058] The motion rates of 36 and 37.5 HZ become prime 
candidates for smoother motion than 24 HZ material When 
presented on 60 and 72/75 HZ displays. Both of these rates 
are about 50% faster and smoother than 24 HZ. The rate of 
37.5 HZ is not suitable for use With either 60 or 72 HZ, so it 
must be eliminated, leaving only 36 HZ as having the desired 
temporal rate characteristics. (The motion rate of 37.5 HZ 
could be used if the 60 HZ display rate for television can be 
move 4% to 62.5 HZ. Given the interests behind 60 HZ, 62.5 

HZ appears unlikely [I there are even those Who propose the 
very obsolete 59.94 HZ rate for neW television systems. 
HoWever, if such a change Were to be made, the other 
aspects of the present invention could be applied to the 37.5 
HZ rate.) 

[0059] The rates of 24, 36, 60, and 72 HZ are left as 
candidates for a temporal rate family. The rates of 72 and 60 
HZ cannot be used for a distribution rate, since motion is less 
smooth When converting betWeen these tWo rates than if 24 
HZ is used as the distribution rate, as described above. By 
hypothesis, We are looking for a rate faster than 24 HZ. 
Therefore, 36 HZ is the prime candidate for a master, 
unifying motion capture and image distribution rate for use 
With 60 and 72/75 HZ displays. 

[0060] As noted above, the 3-2 pulldoWn pattern for 24 HZ 
material repeats a ?rst frame (or ?eld) 3 times, then the neXt 
frame 2 times, then the neXt frame 3 times, then the neXt 
frame 2 times, etc. When using 36 HZ, each pattern opti 
mally should be repeated in a 2-1-2 pattern. This can be seen 
in TABLE 2 and graphically in FIG. 1. 
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TABLE 2 

Rate Frame Numbers 

[0061] This relationship betWeen 36 HZ and 60 HZ only 
holds for true 36 HZ material. 60 HZ material can be “stored” 
in 36 HZ, if it is interlaced, but 36 HZ cannot be reasonable 
created from 60 HZ Without motion analysis and reconstruc 
tion. HoWever, in looking for a neW rate for motion capture, 
36 HZ provides slightly smoother motion on 60 HZ than does 
24 HZ, and provides substantially better image motion 
smoothness on a 72 HZ display. Therefore, 36 HZ is the 
optimum rate for a master, unifying motion capture and 
image distribution rate for use With 60 and 72 HZ displays, 
yielding smoother motion than 24 HZ material presented on 
such displays. 

[0062] Although 36 HZ meets the goals set forth above, it 
is not the only suitable capture rate. Since 36 HZ cannot be 
simply extracted from 60 HZ, 60 HZ does not provide a 
suitable rate for capture. HoWever, 72 HZ can be used for 
capture, With every other frame then used as the basis for 36 
HZ distribution. The motion blur from using every other 
frame of 72 HZ material Will be half of the motion blur at 36 
HZ capture. Tests of motion blur appearance of every third 
frame from 72 HZ shoW that staccato strobing at 24 HZ is 
objectionable. HoWever, utiliZing every other frame from 72 
HZ for 36 HZ display is not objectionable to the eye 
compared to 36 HZ native capture. 

[0063] Thus, 36 HZ affords the opportunity to provide very 
smooth motion on 72 HZ displays by capturing at 72 HZ, 
While providing better motion on 60 HZ displays than 24 HZ 
material by using alternate frames of 72 HZ native capture 
material to achieve a 36 HZ distribution rate and then using 
2-1-2 pulldoWn to derive a 60 HZ image. 

[0064] In summary, TABLE 3 shoWs the preferred optimal 
temporal rates for capture and distribution in accordance 
With the present invention. 

TABLE 3 

Preferred Rates 

Capture Distribution Optimal Display Acceptable Display 

72HZ 36HZ+36HZ 72HZ 60HZ 

[0065] It is also Worth noting that this technique of uti 
liZing alternate frames from a 72 HZ camera to achieve a 36 
HZ distribution rate can pro?t from an increased motion blur 
duty cycle. The normal 50% duty cycle at 72 HZ, yielding a 
25% duty cycle at 36 HZ, has been demonstrated to be 
acceptable, and represents a signi?cant improvement over 
24 HZ on 60 HZ and 72 HZ displays. HoWever, if the duty 
cycle is increased to be in the 75-90% range, then the 36 HZ 
samples Would begin to approach the more common 50% 
duty cycle. Increasing the duty rate may be accomplished, 
for eXample, by using “backing store” CCD designs Which 
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have a short blanking time, yielding a high duty cycle. Other 
methods may be used, including dual CCD multiplexed 
designs. 
[0066] Modi?ed MPEG-2 Compression 

[0067] For ef?cient storage and distribution, digital source 
material having the preferred temporal rate of 36 HZ should 
be compressed. The preferred form of compression for the 
present invention is accomplished by using a novel variation 
of the MPEG-2 standard. 

[0068] MPEG-2 Basics. MPEG-2 is an international video 
compression standard de?ning a video syntax that provides 
an efficient Way to represent image sequences in the form of 
more compact coded data. The language of the coded bits is 
the “syntax.” For example, a feW tokens can represent an 
entire block of 64 samples. MPEG also describes a decoding 
(reconstruction) process Where the coded bits are mapped 
from the compact representation into the original, “raW” 
format of the image sequence. For example, a ?ag in the 
coded bitstream signals Whether the folloWing bits are to be 
decoded With a discrete cosine transform (DCT) algorithm 
or With a prediction algorithm. The algorithms comprising 
the decoding process are regulated by the semantics de?ned 
by MPEG This syntax can be applied to exploit common 
video characteristics such as spatial redundancy, temporal 
redundancy, uniform motion, spatial masking, etc. In effect, 
MPEG-2 de?nes a programming language as Well as a data 
format. An MPEG-2 decoder must be able to parse and 
decode an incoming data stream, but so long as the data 
stream complies With the MPEG-2 syntax, a Wide variety of 
possible data structures and compression techniques can be 
used. The present invention takes advantage of this ?exibil 
ity by devising a novel means and method for temporal and 
resolution scaling using the MPEG-2 standard. 

[0069] MPEG-2 uses an intraframe and an interframe 
method of compression. In most video scenes, the back 
ground* remains relatively stable While action takes place in 
the foreground. The background may move, but a great deal 
of the scene is redundant. MPEG-2 starts its compression by 
creating a reference frame called an I (for Intra) frame. I 
frames are compressed Without reference to other frames 
and thus contain an entire frame of video information. I 
frames provide entry points into a data bitstream for random 
access, but can only be moderately compressed. Typically, 
the data representing I frames is placed in the bitstream 
every 10 to IS frames. Thereafter, since only a small portion 
of the frames that fall betWeen the reference I frames are 
different from the bracketing I frames, only the differences 
are captured, compressed and stored. TWo type of frames are 

used for such differences [I P (for Predicted) frames and B 
(for Bi-directional Interpolated) frames. 
[0070] P frames generally are encoded With reference to a 
past frame (either an I frame or a previous P frame), and, in 
general, Will be used as a reference for future P frames. P 
frames receive a fairly high amount of compression. B 
frames pictures provide the highest amount of compression 
but generally require both a past and a future reference in 
order to be encoded. Bi-directional frames are never used for 
reference frames. 

[0071] Macroblocks Within P frames may also be indi 
vidually encoded using intra-frame coding. 
[0072] Macroblocks Within B frames may also be indi 
vidually encoded using intra-frame coding, forWard pre 
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dicted coding, backWard predicted coding, or both forWard 
and backWard, or bi-directionally interpolated, predicted 
coding. Amacroblock is a 16x16 pixel grouping of four 8x8 
DCT blocks, together With one motion vector for P frames, 
and one or tWo motion vectors for B frames. 

[0073] After coding, an MPEG data bitstream comprises a 
sequence of I, P, and B frames. A sequence may consist of 
almost any pattern of I, P, and B frames (there are a feW 
minor semantic restrictions on their placement). HoWever, it 
is common in industrial practice to have a ?xed pattern (e. g., 

IBBPBBPBBPBBPBB). 
[0074] As an important part of the present invention, an 
MPEG-2 data stream is created comprising a base layer, at 
least one optional temporal enhancement layer, and an 
optional resolution enhancement layer. Each of these layers 
Will be described in detail. 

[0075] Temporal Scalability 

[0076] Base Layer. The base layer is used to carry 36 HZ 
source material. In the preferred embodiment, one of tWo 
MPEG-2 frame sequences can be used for the base layer: 
IBPBPBP or IPPPPPP. The latter pattern is most preferred, 
since the decoder Would only need to decode P frames, 
reducing the required memory bandWidth if 24 HZ movies 
Were also decoded Without B frames. 

[0077] 72 HZ Temporal Enhancement Layer. When using 
MPEG-2 compression, it is possible to embed a 36 HZ 
temporal enhancement layer as B frames Within the 
MPEG-2 sequence for the 36 HZ base layer if the P frame 
distance is even. This alloWs the single data stream to 
support both 36 HZ display and 72 HZ display. For example, 
both layers could be decoded to generate a 72 HZ signal for 
computer monitors, While only the base layer might be 
decoded and converted to generate a 60 HZ signal for 
television. 

[0078] In the preferred embodiment, the MPEG-2 coding 
patterns of IPBBBPBBBPBBBP or IPBPBPBPB both alloW 
placing alternate frames in a separate stream containing only 
temporal enhancement B frames to take 36 HZ to 72 HZ. 
These coding patterns are shoWn in FIGS. 2 and 3, respec 
tively. The 2-Frame P spacing coding pattern of FIG. 3 has 
the added advantage that the 36 HZ decoder Would only need 
to decode P frames, reducing the required memory band 
Width if 24 HZ movies Were also decoded Without B frames. 

[0079] Experiments With high resolution images have sug 
gested that the 2-Frame P spacing of FIG. 3 is optimal for 
most types of images. That is, the construction in FIG. 3 
appears to offer the optimal temporal structure for support 
ing both 60 and 72 HZ, While providing excellent results on 
modern 72 HZ computer-compatible displays. This construc 
tion alloWs tWo digital streams, one at 36 HZ for the base 
layer, and one at 36 HZ for the enhancement layer B frames 
to achieve 72 HZ. This is illustrated in FIG. 4, Which is a 
block diagram shoWing that a 36 HZ base layer MPEG-2 
decoder 50 simply decodes the P frames to generate 36 HZ 
output, Which may then be readily converted to either 60 HZ 
or 72 HZ display. An optional second decoder 52 simply 
decodes the B frames to generate a second 36 HZ output, 
Which When combined With the 36 HZ output of the base 
layer decoder 50 results in a 72 HZ output (a method for 
combining is discussed beloW). In an alternative embodi 
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ment, one fast MPEG-2 decoder 50 could decode both the P 
frames for the base layer and the B frames for the enhance 
ment layer. 

[0080] Optimal Master Format. A number of companies 
are building MPEG-2 decoding chips Which operate at 
around 11 MPixels/second. The MPEG-2 standard has 
de?ned some “pro?les” for resolutions and frame rates. 
Although these pro?les are strongly biased toWard com 
puter-incompatible format parameters such as 60 HZ, non 
square pixels, and interlace, many chip manufacturers 
appear to be developing decoder chips Which operate at the 
“main pro?le, main level”. This pro?le is de?ned to be any 
horiZontal resolution up to 720 pixels, any vertical resolu 
tion up to 576 lines at up to 25 HZ, and any frame rate of up 
to 480 lines at up to 30 HZ. A Wide range of data rates from 
approximately 1.5 Mbits/second to about 10 Mbits/second is 
also speci?ed. HoWever, from a chip point of vieW, the main 
issue is the rate at Which pixels are decoded. The main-level, 
main-pro?le pixel rate is about 10.5 MPixels/second. 

[0081] Although there is variation among chip manufac 
turers, most MPEG-2 decoder chips Will in fact operate at up 
to 13 MPixels/second, given fast support memory. Some 
decoder chips Will go as fast as 20 MPixels/second or more. 
Given that CPU chips tend to gain 50% improvement or 
more each year at a given cost, one can expect some 
near-term ?exibility in the pixel rate of MPEG-2 decoder 
chips. 

[0082] TABLE 4 illustrates some desirable resolutions and 
frame rates, and their corresponding pixel rates. 

TABLE 4 

Resolution Frame Rate Pixel Rate 

X Y (MPixels/s) 

640 480 36 11.1 
720 486 36 12.6 
720 486 30 10.5 

(for comparison) 
704 480 36 12.2 
704 480 30 10.1 

(for comparison) 
680 512 36 12.5 

1024 512 24 12.6 

[0083] All of these formats can be utiliZed With MPEG-2 
decoder chips that can generate at least 12.6 MPixels/ 
second. The very desirable 640x480 at 36 HZ format can be 
achieved by nearly all current chips, since its rate is 11.1 
MPixels/second. A Widescreen 1024x512 image can be 
squeeZed into 680x512 using a 15:1 squeeZe, and can be 
supported at 36 HZ if 12.5 MPixels/second can be handled. 
The highly desirable square pixel Widescreen template of 
1024x512 can achieve 36 HZ When MPEG-2 decoder chips 
can process about 18.9 MPixels/second. This becomes more 
feasible if 24 HZ and 36 HZ material is coded only With P 
frames, such that B frames are only required in the 72 HZ 
temporal enhancement layer decoders. Decoders Which use 
only P frames require less memory and memory bandWidth, 
making the goal of 19 MPixels/second more accessible. 

[0084] The 1024x512 resolution template Would most 
often be used With 2.35:1 and 1.85:1 aspect ratio ?lms at 24 
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fps. This material only requires 11.8 MPixels/second, Which 
should ?t Within the limits of most existing main level-main 
pro?le decoders. 

[0085] All of these formats are shoWn in FIG. 6 in a 
“master template” for a base layer at 24 or 36 HZ. Accord 
ingly, the present invention provides a unique Way of 
accommodating a Wide variety of aspect ratios and temporal 
resolution compared to the prior art. (Further discussion of 
a master template is set forth beloW). 

[0086] The temporal enchancement layer of B frames to 
generate 72 HZ can be decoded using a chip With double the 
pixel rates speci?ed above, or by using a second chip in 
parallel With additional access to the decoder memory. 
Under the present invention, at least tWo Ways exist for 
merging of the enhancement and base layer data streams to 
insert the alternate B frames. First, merging can be done 
invisibly to the decoder chip using the MPEG-2 transport 
layer. The MPEG-2 transport packets for tWo PIDs (Program 
IDs) can be recogniZed as containing the base layer and 
enhancement layer, and their stream contents can both be 
simply passed on to a double-rate capable decoder chip, or 
to an appropriately con?gured pair of normal rate decoders. 
Second, it is also possible to use the “data partitioning” 
feature in the MPEG-2 data stream instead of the transport 
layer from MPEG-2 systems. The data partitioning feature 
alloWs the B frames to be marked as belonging to a different 
class Within the MPEG-2 compressed data stream, and can 
therefore be ?agged to be ignored by 36-HZ decoders Which 
only support the temporal base layer rate. 

[0087] Temporal scalability, as de?ned by MPEG-2 video 
compression, is not as optimal as the simple B frame 
partitioning of the present invention. The MPEG-2 temporal 
scalability is only forWard referenced from a previous P or 
B frame, and thus lacks the ef?ciency available in the B 
frame encoding proposed here, Which is both forWard and 
backWard referenced. Accordingly, the simple use of B 
frames as a temporal enhancement layer provides a simpler 
and more ef?cient temporal scalability than does the tem 
poral scalability de?ned Within MPEG-2. NotWithstanding, 
this use of B frames as the mechanism for temporal scal 
ability is fully compliant With MPEG-2. The tWo methods of 
identifying these B frames as an enhancement layer, via data 
partitioning or alternate PID’s for the B frames, are also 
fully compliant. 

[0088] 50/60 HZ Temporal enhancement layer. In addition 
to, or as an alternative to, the 72 HZ temporal enhancement 
layer described above (Which encodes a 36 HZ signal), a 60 
HZ temporal enhancement layer (Which encodes a 24 HZ 
signal) can be added in similar fashion to the 36 HZ base 
layer. A 60 HZ temporal enhancement layer is particular 
useful for encoding existing 60 HZ interlaced video material. 

[0089] Most existing 60 HZ interlaced material is video 
tape for NTSC in analog, D1, or D2 format. There is also a 
small amount of Japanese HDTV (SMPTE 240/260M). 
There are also cameras Which operate in this format. Any 
such 60 HZ interlaced format can be processed in knoWn 
fashion such that the signal is de-interlaced and frame rate 
converted. This process involves very complex image under 
standing technology, similar to robot vision. Even With very 
sophisticated technology, temporal aliasing generally Will 
result in “misunderstandings” by the algorithm and occa 
sionally yield artifacts. Note that the typical 50% duty cycle 
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of image capture means that the camera is “not looking” half 
the time. The “backwards Wagon Wheels” in movies is an 
example of temporal aliasing due to this normal practice of 
temporal undersampling. Such artifacts generally cannot be 
removed Without human-assisted reconstruction. Thus, there 
Will alWays be cases Which cannot be automatically cor 
rected. HoWever, the motion conversion results available in 
current technology should be reasonable on most material. 

[0090] The price of a single high de?nition camera or tape 
machine Would be similar to the cost of such a converter. 
Thus, in a studio having several cameras and tape machines, 
the cost of such conversion becomes modest. HoWever, 
performing such processing adequately is presently beyond 
the budget of home and of?ce products. Thus, the complex 
processing to remove interlace and convert the frame rate for 
existing material is preferably accomplished at the origina 
tion studio. This is shoWn in FIG. 5, Which is a block 
diagram shoWing 60 HZ interlaced input from cameras 60 or 
other sources (such as non-?lm video tape) 62 to a converter 
64 that includes a de-interlacer function and a frame rate 
conversion function that can output a 36 HZ signal (36 HZ 
base layer only) and a 72 HZ signal (36 HZ base layer plus 
36 HZ from the temporal enhancement layer). 

[0091] As an alternative to outputting a 72 HZ signal (36 
HZ base layer plus 36 HZ from the temporal enhancement 
layer), this conversion process can be adapted to produce a 
second MPEG-2 24 HZ temporal enhancement layer on the 
36 HZ base layer Which Would reproduce the original 60 HZ 
signal, although de-interlaced. If similar quantization is used 
for the 60 HZ temporal enhancement layer B frames, the data 
rate should be slightly less than the 72 HZ temporal enhance 
ment layer, since there are feWer B frames. 

[0092] >60IQ36+36=72 

[0093] >60IQ36+24=60 

[0094] >72Q36, 72, 60 

[0095] >50 1%36, 50, 72 

[0096] 
[0097] The vast majority of material of interest to the 
United States is loW resolution NTSC. At present, most 
NTSC signals are vieWed With substantial impairment on 
most home televisions. Further, vieWers have come to accept 
the temporal impairments inherent in the use of 3-2 pull 
doWn to present ?lm on television. Nearly all prime-time 
television is made on ?lm at 24 frames per second. Thus, 
only sports, neWs, and other video-original shoWs need be 
processed in this fashion. The artifacts and losses associated 
With converting these shoWs to a 36/72 HZ format are likely 
to be offset by the improvements associated With high 
quality de-interlacing of the signal. 

[0098] Note that the motion blur inherent in the 60 HZ (or 
59.94 HZ) ?elds should be very similar to the motion blur in 
72 HZ frames. Thus, this technique of providing a base and 
enhancement layer should appear similar to 72 HZ origina 
tion in terms of motion blur. Accordingly, feW vieWers Will 
notice the difference, except possibly as a slight improve 
ment, When interlaced 60 HZ NTSC material is processed 
into a 36 HZ base layer, plus 24 HZ from the temporal 
enhancement layer, and displayed at 60 HZ. HoWever, those 
Who buy neW 72 HZ digital non-interlaced televisions Will 
notice a small improvement When vieWing NTSC, and a 

>60Q24, 36, 72 
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major improvement When vieWing neW material captured or 
originated at 72 HZ. Even the decoded 36 HZ base layer 
presented on 72 HZ displays Will look as good as high 
quality digital NTSC, replacing interlace artifacts With a 
sloWer frame rate. 

[0099] The same process can also be applied to the con 
version of existing PAL 50 HZ material to a second MPEG-2 
enhancement layer. PAL video tapes are best sloWed to 48 
HZ prior to such conversion. Live PAL requires conversion 
using the relatively unrelated rates of 50, 36, and 72 HZ. 
Such converter units presently are only affordable at the 
source of broadcast signals, and are not presently practical 
at each receiving device in the home and of?ce. 

[0100] Resolution Scalability 

[0101] It is possible to enhance the base resolution tem 
plate using hierarchical resolution scalability utiliZing 
MPEG-2 to achieve higher resolutions built upon a base 
layer. Use of enhancement can achieve resolutions at 1.5x 
and 2x the base layer. Double resolution can be built in tWo 
steps, by using 3/2 then 4/3, or it can be a single factor-of 
tWo step. This is shoWn in FIG. 7. 

[0102] The process of resolution enhancement can be 
achieved by generating a resolution enhancement layer as an 
independent MPEG-2 stream and applying MPEG-2 com 
pression to the enhancement layer. This technique differs 
from the “spatial scalability” de?ned With MPEG-2, Which 
has proven to be highly inef?cient. HoWever, MPEG-2 
contains all of the tools to construct an effective layered 
resolution to provide spatial scalability. The preferred lay 
ered resolution encoding process of the present invention is 
shoWn in FIG. 8. The preferred decoding process of the 
present invention is shoWn in FIG. 9. 

[0103] Resolution Layer Coding. In FIG. 8, an original 2 
k><1 k image 80 is ?ltered in conventional fashion to 1/2 
resolution in each dimension to create a 1024x512 base 
layer 81. The base layer 81 is then compressed according to 
conventional MPEG-2 algorithms, generating an MPEG-2 
base layer 82 suitable for transmission. Importantly, full 
MPEG-2 motion compensation can be used during this 
compression step. That same signal is then decompressed 
using conventional MPEG-2 algorithms back to a 1024x512 
image 83. The 1024x512 image 83 is expanded (for 
example, by pixel replication, or preferably by better ?lters 
such as spline interpolation) to a ?rst 2 k><1 k enlargement 
84. 

[0104] MeanWhile, as an optional step, the ?ltered 1024>< 
512 base layer 81 is expanded to a second 2 k><1 k enlarge 
ment 85. This second 2 k><1 k enlargement 85 is subtracted 
from the original 2 k><1 k image 80 to generate an image that 
represents the top octave of resolution betWeen the original 
high resolution image 80 and the original base layer image 
81. The resulting image is optionally multiplied by a sharp 
ness factor or Weight, and then added to the difference 
betWeen the original 2 k><1 k image 80 and the second 2 k><1 
k enlargement 85 to generate a center-Weighted 2 k><1 k 
enhancement layer source image 86. This enhancement 
layer source image 86 is then compressed according to 
conventional MPEG-2 algorithms, generating a separate 
MPEG-2 resolution enhancement layer 87 suitable for trans 
mission. Importantly, full MPEG-2 motion compensation 
can be used during this compression step. 
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[0105] Resolution Layer Decoding. In FIG. 9, the base 
layer 82 is decompressed using conventional MPEG-2 algo 
rithms back to a 1024x512 image 90. The 1024x512 image 
90 is expanded to a ?rst 2 k><1 k image 91. Meanwhile, the 
resolution enhancement layer 87 is decompressed using 
conventional MPEG-2 algorithms back to a second 2 k><1 k 
image 92. The ?rst 2 k><1 k image 91 and the second 2 k><1 
k image 92 are then added to generate a high-resolution 2 
k><1 k image 93. 

[0106] Improvements Over MPEG-2. In essence, the 
enhancement layer is created by expanding the decoded base 
layer, taking the difference betWeen the original image and 
the decode base layer, and compressing. HoWever, a com 
pressed resolution enhancement layer may be optionally 
added to the base layer after decoding to create a higher 
resolution image in the decoder. The inventive layered 
resolution encoding process differs from MPEG-2 spatial 
scalability in several Ways: 

[0107] The enhancement layer difference picture is 
compressed as its oWn MPEG-2 data stream, With I, 
B, and P frames. This difference represents the major 
reason that resolution scalability, as proposed here, is 
effective, Where MPEG-2 spatial scalability is inef 
fective. The spatial scalability de?ned Within 
MPEG-2 alloWs an upper layer to be coded as the 
difference betWeen the upper layer picture and the 
expanded base layer, or as a motion compensated 
MPEG-2 data stream of the actual picture, or a 
combination of both. HoWever, neither of these 
encodings is ef?cient. The difference from the base 
layer could be considered as an I frame of the 
difference, Which is inefficient compared to a 
motion-compensated difference picture, as in the 
present invention. The upper-layer encoding de?ned 
Within MPEG-2 is also inef?cient, since it is identical 
to a complete encoding of the upper layer. The 
motion compensated encoding of the difference pic 
ture, as in the present invention, is therefore sub 
stantially more ef?cient. 

[0108] Since the enhancement layer is an indepen 
dent MPEG-2 data stream, the MPEG-2 systems 
transport layer (or another similar mechanism) must 
be used to multiplex the base layer and enhancement 
layer. 

[0109] The expansion and resolution reduction ?lter 
ing can be a gaussian or spline function, Which are 
more optimal than the bilinear interpolation speci?ed 
in MPEG-2 spatial scalability. 

[0110] The image aspect ratio must match betWeen 
the loWer and higher layers in the preferred embodi 
ment. In MPEG-2 spatial scalability, extensions to 
Width and/or height are alloWed. Such extensions are 
not alloWed in the preferred embodiment due to 
ef?ciency requirements. 

[0111] Due to ef?ciency requirements, and the 
extreme amounts of compression used in the 
enhancement layer, the entire area of the enhance 
ment layer is not coded. Usually, the area excluded 
from enhancement Will be the border area. Thus, the 
2 k><1 k enhancement layer source image 86 in the 
preferred embodiment is center-Weighted. In the 
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preferred embodiment, a fading function (such as 
linear Weighting) is used to “feather” the enhance 
ment layer toWard the center of the image and aWay 
from the border edge to avoid abrupt transitions in 
the image. Moreover, any manual or automatic 
method of determining regions having detail Which 
the eye Will folloW can be utiliZed to select regions 
Which need detail, and to exclude regions Where 
extra detail is not required. All of the image has 
detail to the level of the base layer, so all of the image 
is present. Only the areas of special interest bene?t 
from the enhancement layer. In the absence of other 
criteria, the edges or borders of the frame can be 
excluded from enhancement, as in the center 
Weighted embodiment described above. The 
MPEG-2 parameters 
“loWer_layer_prediction_horiZontal&vertical offset” 
parameters used as signed negative integers, com 
bined With the 
“horiZontal&vertical_subsampling_factor_m&n” 
values, can be used to specify the enhancement layer 
rectangle’s overall siZe and placement Within the 
expanded base layer. 

[0112] A sharpness factor is added to the enhance 
ment layer to offset the loss of sharpness Which 
occurs during quantiZation. Care must be taken to 
utiliZe this parameter only to restore the clarity and 
sharpness of the original picture, and not to enhance 
the image. As noted above With respect to FIG. 8, the 
sharpness factor is the “high octave” of resolution 
betWeen the original high resolution image 80 and 
the original base layer image 81 (after expansion). 
This high octave image Will be quite noisy, in 
addition to containing the sharpness and detail of the 
high octave of resolution. Adding too much of this 
image can yield instability in the motion compen 
sated encoding of the enhancement layer. The 
amount that should be added depends upon the level 
of the noise in the original image. A typical Weight 
ing value is 0.25. For noisy images, no sharpness 
should be added, and it even may be advisable to 
suppress the noise in the original for the enhance 
ment layer before compressing using conventional 
noise suppression techniques Which preserve detail. 

[0113] Temporal and resolution scalability are inter 
mixed by utiliZing B frames for temporal enhance 
ment from 36 to 72 HZ in both the base and resolu 
tion enhancement layers. In this Way, four possible 
levels of decoding performance are possible With 
tWo layers of resolution scalability, due to the options 
available With tWo levels of temporal scalability. 

[0114] These differences represent substantial improve 
ments over MPEG-2 spatial and temporal scalability. HoW 
ever, these differences are still consistent With MPEG-2 
decoder chips, although additional logic may be required in 
the decoder to perform the expansion and addition in the 
resolution enhancement decoding process shoWn in FIG. 9. 
Such additional logic is nearly identical to that required by 
the less effective MPEG-2 spatial scalability. 

[0115] Optional Non-MPEG-2 Coding of the Resolution 
Enhancement Layer. It is possible to utiliZe a different 
compression technique for the resolution enhancement layer 
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than MPEG-2. Further, it is not necessary to utilize the same 
compression technology for the resolution enhancement 
layer as for the base layer. For example, motion-compen 
sated block Wavelets can be utilized to match and track 
details With great ef?ciency When the difference layer is 
coded. Even if the most ef?cient position for placement of 
Wavelets jumps around on the screen due to changing 
amounts of differences, it Would not be noticed in the 
loW-amplitude enhancement layer. Further, it is not neces 

sary to cover the entire image [I it is only necessary to place 
the Wavelets on details. The Wavelets can have their place 
ment guided by detail regions in the image. The placement 
can also be biased aWay from the edge. 

[0116] Multiple Resolution Enhancement Layers. At the 
bit rates being described here, Where 2 MPixels (2048>< 
1024) at 72 frames per second are being coded in 18.5 
mbits/second, only a base layer (1024x512 at 72 fps) and a 
single resolution enhancement layer have been successfully 
demonstrated. HoWever, the anticipated improved ef?cien 
cies available from further re?nement of resolution enhance 
ment layer coding should alloW for multiple resolution 
enhancement layers. For example, it is conceivable that a 
base layer at 512x256 could be resolution-enhanced by four 
layers to 1024x512, 1536x768, and 2048x1024. This is 
possible With existing MPEG-2 coding at the movie frame 
rate of 24 frames per second. At high frame rates such as 72 
frames per second, MPEG-2 does not provide suf?cient 
ef?ciency in the coding of resolution-enhancement layers to 
alloW this many layers at present. 

[0117] Mastering Formats 

[0118] UtiliZing a template at or near 2048><1024 pixels, it 
is possible to create a single digital moving image master 
format source for a variety of release formats. As shoWn in 
FIG. 6, a 2 k><1 k template can ef?ciently support the 
common Widescreen aspect ratios of 1.85:1 and 2.35:1. A 2 
k><1 k template can also accommodate 1.33:1 and other 
aspect ratios. 

[0119] Although integers (especially the factor of 2) and 
simple fractions (3/2 & 4/3) are most ef?cient step siZes in 
resolution layering, it is also possible to use arbitrary ratios 
to achieve any required resolution layering. HoWever, using 
a 2048><1024 template, or something near it, provides not 
only a high quality digital master format, but also can 
provide many other convenient resolutions from a factor of 
tWo base layer (1 k><512), including NTSC, the Us. televi 
sion standard. 

[0120] It is also possible to scan ?lm at higher resolutions 
such as 4 k><2 k, 4 k><3 k, or 4 k><4 k. Using optional 
resolution enhancement, these higher resolutions can be 
created from a central master format resolution near 2 k><1 
k. Such enhancement layers for ?lm Will consist of both 
image detail, grain, and other sources of noise (such as 
scanner noise). Because of this noisiness, the use of com 
pression technology in the enhancement layer for these very 
high resolutions Will require alternatives to MPEG-2 types 
of compression. Fortunately, other compression technolo 
gies exist Which can be utiliZed for compressing such noisy 
signals, While still maintaining the desired detail in the 
image. One example of such a compression technology is 
motion compensated Wavelets or motion compensated frac 
tals. 
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[0121] Preferably, digital mastering formats should be 
created in the frame rate of the ?lm if from existing movies 
(i.e., at 24 frames per second). The common use of both 3-2 
pulldoWn and interlace Would be inappropriate for digital 
?lm masters. For neW digital electronic material, it is hoped 
that the use of 60 HZ interlace Will cease in the near future, 
and be replaced by frame rates Which are more compatible 
With computers, such as 72 HZ, as proposed here. The digital 
image masters should be made at Whatever frame rate the 
images are captured, Whether at 72 HZ, 60 HZ, 36 HZ, 37.5 
HZ, 75 HZ, 50 HZ, or other rates. 

[0122] The concept of a mastering format as a single 
digital source picture format for all electronic release for 
mats differs from existing practices, Where PAL, NTSC, 
letterbox, pan-and-scan, HDTV, and other masters are all 
generally independently made from a ?lm original. The use 
of a mastering format alloWs both ?lm and digital/electronic 
shoWs to be mastered once, for release on a variety of 
resolutions and formats. 

[0123] Combined Resolution and Temporal Enhancement 
Layers 

[0124] As noted above, both temporal and resolution 
enhancement layering can be combined. Temporal enhance 
ment is provided by decoding B frames. The resolution 
enhancement layer also has tWo temporal layers, and thus 
also contains B frames. 

[0125] For 24 fps ?lm, the most ef?cient and loWest cost 
decoders might use only P frames, thereby minimiZing both 
memory and memory bandWidth, as Well as simplifying the 
decoder by eliminating B frame decoding. Thus, in accor 
dance With the present invention, decoding movies at 24 fps 
and decoding advanced television at 36 fps could utiliZe a 
decoder Without B frame capability. B frames can then be 
utiliZed betWeen P frames to yield the higher temporal layer 
at 72 HZ, as shoWn in FIG. 3, Which could be decoded by 
a second decoder. This second decoder could also be sim 
pli?ed, since it Would only have to decode B frames. 

[0126] Such layering also applies to the enhanced resolu 
tion layer, Which can similarly utiliZe only P and I frames for 
24 and 36 fps rates. The resolution enhancement layer can 
add the full temporal rate of 72 HZ at high resolution by 
adding B frame decoding Within the resolution enhancement 
layer. 

[0127] The combined resolution and temporal scalable 
options for a decoder are illustrated in FIG. 10. This 
example also shoWs an allocation of the proportions of an 
approximately 18 mbits/second data stream to achieve the 
spatio-temporal layered Advanced Television of the present 
invention. 

[0128] In FIG. 10, a base layer MPEG-2 1024><512 pixel 
data stream (comprising only P frames in the preferred 
embodiment) is applied to a base resolution decoder 100. 
Approximately 5 mbits/per sec of bandWidth is required for 
the P frames. The base resolution decoder 100 can decode at 
24 or 36 fps. The output of the base resolution decoder 100 
comprises loW resolution, loW frame rate images (1024x512 
pixels at 24 or 36 HZ). 

[0129] The B frames from the same data stream are parsed 
out and applied to a base resolution temporal enhancement 
layer decoder 102. Approximately 3 mbits/per sec of band 






















